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Lattice parameters of the high-pressure forms of the alkali halides were determined. 
The lattice parameters were used to compare the lattice energies of the NaCl and CsCl 
type structures at the transition pressure. An analysis of the effect of experimental un- 
certainties on the calculated lattice energies showed that in almost every instance the Born- 
Mayer theory adequately accounts for the lattice energy of the high-pressure structure. 



1. Introduction 

A continuing widespread interest in the alkali 
halides arises, at least in part, from the early success 
of Born and Mayer [1] 1 in calculating the lattice 
energies of the ionic crystals and the subsequent 
experimental verification of the calculated values 
by means of the Born-Haber cycle [2]. The success 
of the Born-Mayer model applies to the normal 
structures of the alkali halides, i.e., NaCl type or 
face-centered cubic structure (fee) for all alkali 
halides except CsCl, CsBr, and Csl which assume 
the CsCl type or simple cubic st ructure (sc) . Certain 
alkali halides normally in the fee structure undergo 
a polymorphic transition to the denser sc structure 
at elevated pressures and until recently the Born- 
Mayer model had been unable to account for the 
relative stability of the two structure types. In a 
recent report Tosi and Fumi [3] have shown that 
earlier treatments of the equilibrium between the 
two structure types were subject to errors arising 
principally from an incorrect evaluation of the 
repulsive energy at the elevated pressures. On 
reevaluating the repulsive energy they demon- 
strated that the lattice energies of the two poly- 
morphs at the transition pressure differed by not 
much more than the PAV energy reported for the 
transition. It should be noted that on the basis 
of Bridgman 's data [4, 5] it has been concluded that 
the thermal energy involved in the transition is 
negligible on the scale of energies of present concern 
in the lattice energies. Therefore from the treat- 
ment of Tosi and Fumi it appears that the transition 
occurs between structures which are very nearly 
equivalent energetically. Of additional interest is 
the fact that according to Tosi and Fumi [3] the 
repulsive energy in the denser CsCl type structure 
is less than that of the corresponding NaCl type 
structure. 



1 Figures in brackets indicate the literature references at the end of this paper. 



Tosi and Fumi employed lattice parameters 
derived from Bridgman 's P-V data on the alkali 
halides [6] for their calculations. Inasmuch as the 
lattice energies are very sensitive to the lattice 
constants, it was considered desirable to obtain 
direct experimental values for these constants to 
permit a more accurate evaluation of the lattice 
energies of the two structures. This report pre- 
sents experimental values for the lattice constants 
of the high-pressure forms of nine of the alkali 
halides. The high-pressure transitions of CsF and 
KF are being reported for the first time. The 
corresponding transition in RbF, which apparently 
represented the first transition observed in an 
alkali fluoride, was reported recently [7]. From 
the measured lattice parameters of the high-pressure 
forms the lattice energies are then calculated by the 
method described by Tosi and Fumi [3]. 

Polymorphism in the alkali halides at elevated 
pressures was discovered by Slater [8] in RbBr and 
Rbl. Bridgman subsequently studied these transi- 
tions in some detail [4] and observed the corre- 
sponding transition in RbCl. Later, Bridgman 
located transitions in KC1, KBr, and KI and reported 
the thermodynamic constants of the transitions [5]. 
The transition pressures are of the order of 5 kb for 
the rubidium halides and 20kb for the potassium 
halides with only a small variation in pressure with 
type of anion. Although it had been suspected that 
the transition involved transformation from the 
NaCl type to the CsCl type structure this was not 
confirmed until Jacobs [9] determined the structure 
of the high-pressure form of Rbl by X-ray diffraction. 
Much later Jamieson [10] reported that the high- 
pressure form of KI was also the CsCl type structure. 
This was confirmed recently in this laboratory [11]. 
Vereschagin and Kabalkina [12] and Adams and 
Davis [13] have reported the parameters of high- 
pressure forms of RbCl and Rbl. The lattice 
parameter of a high-pressure form of RbF has also 
been reported [7]. 
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2. Experimental Method and Materials 

The apparatus and experimental technique de- 
veloped here for X-ray studies at high pressures have 
been described in detail [11] and will be outlined very 
briefly here. A collimated beam of Mo K a X-rays 
is diffracted by a thin layer of the material under 
study that is squeezed between flat parallel surfaces 
of two diamonds. The diffraction rings are recorded 
photographically and their diameters are measured 
on the film. The specimen-to-film distance is 
obtained from the measured diameters of the rings 
at 1 bar and the known X-ray diffraction patterns 
[14, 15]. The pressure on the material is calculated 
from the applied load divided by the smaller of the 
two diamond pressure areas. 

During these experiments the camera [11] was 
modified by inserting a fixed diaphragm which 
permitted simultaneous exposure of opposite 
quadrants of the film. The filmholder was then 
rotated 90° and the other pair of quadrants exposed. 
In these studies the diffraction patterns of the high- 
pressure forms were obtained first and then the 
corresponding patterns at 1 bar were photographed 
in the adjacent quadrants. The two patterns 
appeared on the same film for comparison purposes. 
The order of the experiments was adopted because 
of the hygroscopicity of the alkali fluorides and it 
was considered necessary to verify the fact that the 
fluorides remained anhydrous during the experiment. 

Both Bridgman [4, 5] and Jacobs [9] have empha- 
sized the difficulties arising from hysteresis, sluggish- 
ness, etc., in the transitions of the alkali halides. 
For these reasons no effort was made to undertake 
measurements at the reported transition pressures. 
All data were obtained at fixed pressures at least 1 
kb above the reported transition pressures. In the 
fluorides where transition points have not been 
reported previously, no attempt was made to locate 
the transition within narrow limits. 

Most of the alkali halides studied were reagent 
grade materials of commercial origin. Rbl, how- 
ever, was prepared from Rb 2 C0 3 with freshly dis- 
tilled HI. The fluorides were formed from the 
carbonates or nitrates by successive treatments 
with HF. In addition, commercially available 
specimens of the fluorides were also used. The 
fluorides were so hygroscopic that it was found 
necessary to introduce the hot, freshly fused salt 
into the X-ray cell. This procedure was successful 
in eliminating problems arising from absorption of 
moisture as demonstrated by the fact that the 
X-ray diffraction patterns of the anhydrous fluorides 
were obtained at least 8 hr after introducing the 
material into the cell. The known X-ray diffraction 
patterns [14, 15] served to verify the identity and 
purity of these materials. 

3. X-ray Diffraction Data 

The results of the X-ray diffraction measurements 
on the high-pressure phases are given in table 1, 
which gives the observed cZ-spacings, the assigned 



indices, and the lattice constant for each material 
studied. The average lattice constant and the 
pressure to which the data apply are given for each 
material. 

Each cZ-spacing of table 1 represents the average 
of at least five independent measurements on the 
same film. Additional experiments performed on 
each material yielded essentially the same cZ-spac- 
ings. The data tabulated pertain to a film selected 
for sharpness of lines, number of lines, etc. The 
average lattice spacings represent the numerical 
averages of the tabular data to three significant 
figures although in some instances somewhat greater 
precision is indicated by the data. 

The d-spacing for every observed diffraction ring 
is reported in table 1, and it will be noted that the 
stronger diffraction rings of the fee phases, i.e., the 
200 and 220 reflections, generally persist at the 
higher pressures. The persistence of the low- 
pressure phases may be attributed to sluggishness 
in the transitions or to pressure gradients in the 
specimen. 

As shown in table 1 all observed spacings not 
attributable to the fee phase are readily indexed on 
the basis of the sc structure. In some instances, 
the lattice parameters are deduced from two dif- 
fraction rings only. It is believed that sufficient 
data are available, however, to eliminate any un- 
certainties in the expected structure of the high 
pressure polymorphs of the alkali halides and that 
the lattice parameters so determined are as reliable 
as the other data. The lattice parameters agree 
reasonably well with previously reported values 
[9, 12, 13] with one notable exception. The lattice 
parameter for the sc form of KI is somewhat smaller 
than the values reported by Jamieson [10] and in 
the preliminary report on the instrument used here 
[11]. Since construction of the camera, refinements 
have been made to improve the precision, and the 
present value is considered to be more reliable than 
the earlier one. Several independent experiments 
have been made with two different cameras which 
reproduce the present value within the experimental 
error. 

These data appear to represent the first reported 
observation of the high-pressure CsCl type structure 
for KF and CsF. In each case, several independent 
experiments were performed on salts of different 
origin to check the transition as well as the lattice 
parameters. The appearance of the high-pressure 
form was also verified in all three fluorides by a 
microscopic method [16]. The transition pressures 
reported for the fluorides (see table 2) are considered 
to be only estimates because of uncertainties in the 
pressure calibration and strong evidence for slug- 
gishness in the transitions. It will be noted that the 
diffraction data for KF and CsF are reported at 
35 kb and 48 kb respectively while the transition 
pressures are estimated to be only 20 kb. In both 
cases the higher pressure was required to produce a 
sufficiently strong diffraction pattern for satisfactory 
measurement; the transition pressure was estimated 
to be 20 kb because the strongest ring of the high 
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Table 2. Numerical data used for lattice energy calculations 
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a Values taken from rcf. 20 or calculated from data of ref. 21. 
h See rcf. 6; values in parentheses estimated in I tiese experiments. 
c Calculated from data of ref. 4 and 8. 
d See ref. 8 and 18. 



• See ref. 18 and 19. 
f This value is estimated, 
with all the other values. 



'The value given in ref. 8 appears to be out of line 



Table 3. Volume change at the transition {/<■ 
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pressure form could be identified at 20 kb but not at 
15 kb. 

Bridgman previously studied all the alkali fluorides 
except RbF and observed no transitions [17, 18]. 
His failure to obtain the transition in KF may be 
attributed to the fact that he did not carry the 
material to sufficiently high pressures. A similar ex- 
planation does not apply in t lie ease of CsF because 
Bridgman studied this material to 42 kb at room 
temperature and to 56 kb at 137 °C. The probable 
explanation for the discrepancies in the findings is 
that Bridgman's specimen was not anhydrous. 
The transition reported here can be observed micro- 
scopically in the anhydrous salt but not in material 



exposed to the atmosphere for a very short time. 
In this connection it may he noted that if Br i daman's 
data on CsF and KF were obtained on partly 
hydrated materials the volume changes of table 2 
may be in serious error. In addition all calculations 
involving the P-V data will be subject to similar 
errors. 

The changes in volume at the transition points 
calculated from the lattice parameters are tabulated 
in table 3 with the corresponding- values obtained by 
Bridgman [5] from volumetric measurements. It 
will be noted that the lattice parameters of the fee 
phases involve correction of the 1 bar values by 
means of Bridgman's volume data. The agreement 
appears reasonably good for the rubidium halides, 
but not for the potassium halides. The discrepancy 
in the potassium halides may arise from the difficulties 
in estimating A V in the P-V studies on the potas- 
sium salts in which the transitions exhibit a 13 
kg/cm 2 wide [5] region of indifference an interval 
of apparent coexistence of t o phases in equilibrium. 
Under such circumstances it is believed that Bridg- 
man's estimates of AV would tend to be low. The 
values for KF, RbF, and ( JsF obtained in the present 
studies appear to be somewhat erratic. This 
result is probably attributable in part to the absence 
of reliable P-V data on the flourides and in part 
to uncertainties in the transition pressures themselves. 
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4. Lattice Energies 
4.1. Method of Calculation 

Because Tosi and Fumi [3] have demonstrated 
that the repulsive parameters may not be considered 
independent of volume or structure in the alkali 
halides, they must be calculated by the method 
devised originally by Born and Mayer [1]. 

The first two derivatives of the internal energy 
are respectively, 



(dU/bV) T =Ta/f3-P 



(1) 



and 

(d 2 U/dV 2 ) T =[l+{(bp/dT) P 

+ (jbPlbF)Ta/p}T/0\/Vfi (2) 

where, in addition to the usual quantities, a repre- 
sents the expansivity [(dV/Z>T)p/V ] and /3 the 
compressibility [—(dV/dP) T /V ]. 

The lattice energy, E, is taken to be 

E=(-8e 2 /r-C/r«-D/r 8 +Be- r/ »)N (3) 

and the first two derivatives are given by 

(dE/dV) T =[8e 2 /r+6C/r'+8D/r 8 -Bre- r ^/p]N/3V (4) 

and 

(d 2 E/dV 2 ) T = - [Ue 2 /r+54:Clr Q +SSD/r 8 

-Br{2+r/p)e-*M P ]N/9V 2 (5) 
where 8 is the Madelung constant, r, the nearest 



neighbor distance (r fcc =a /2; 



( ' 



V3\ 



the 



electronic charge (4.80X1CT 10 esu), C and D, Van 
der Waals interaction coefficients, B and p, the 
repulsive parameters, and N, Avogadro's number. 
Equations 1 and 4 and eqs 2 and 5 are set equal 
for each phase at the transition point and the 
systems of two equations may be solved for the 
parameters B and p applicable to each phase. In 
practice, the equations are solved for p and Be~ T/p 
rather than for the parameters 2 B and p. 

4.2. Data Used for Calculations 

Experimental data used in the calculations were 
taken almost exclusively from the reports of Bridg- 
man and differ somewhat from the data used by 
Tosi and Fumi [3]. Numerical values used are 
tabulated in table 2 with the sources being identified 
by the footnotes. Values enclosed in parentheses 
represent estimates for which experimental data 
were not available. Such estimates may be subject 
to errors exceeding the usual experimental uncer- 
tainties. The effect of errors on the calculated 
lattice energies will be discussed later. 

2 From the manner in which the equations are formulated it follows that the 
parameters and energies are determined for an ion pair. These units will be used 
throughout. Thus the energy in ergs will be understood to be ergs/ion pair. 



4.3. Lattice Energies 

Calculated values of p and Be~ r/p for the two 
structures at the transition pressure are given in 
table 4. The lattice energies of both structures 
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2.51 
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0.31 


KBr 
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.401 


2.48 


2.47 
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-10.88 
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2.39 
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-11.47 
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KF 


.308 
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2.06 
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- 13. 48 


.06 
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.351 
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1.49 
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1.41 
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.05 


RbCl 
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1.56 


1.44 


-11.47 


-11.30 


.05 


RbF 
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1.74 


1.73 


-13.43 
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.09 
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-13. C5 
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. 22 



obtained from eq 3 using the data of table 2 and the 
values of Be~ r/p from table 4 are given in cols 6 and 7 
of table 4. Column 8 of table 4 gives the PAV 
term for the structure change calculated from the 
lattice parameters rather than from Bridgman's 
data [6]. 

Although the numerical results of table 4 differ 
slightly from the corresponding values obtained by 
Tosi and Fumi [3] the agreement is encouraging 
because of the difference in the data used in the two 
calculations. It will be noted that the repulsive 
parameter, p, is generally smaller in the more com- 
pact CsCl type structure. This is in agreement 
with the findings of Tosi and Fumi [3], who ob- 
served that the experimental evidence for a smaller 
compressibility in the sc form required a smaller 
value for p. If the Born-Mayer treatment is ade- 
quate, then E fcc -\-PAV—E ac =Q, provided the latent 
heat of the transition is negligible. The present 
data are less consistent with this requirement than 
the results of Tosi and Fumi [3]. Therefore, it is 
necessary to evaluate the latent heat and the effect 
of the experimental errors on the results. 

4.4. Latent Heat of Transition 

The anticipated agreement between lattice energies 
of the two structures when allowance is made for 
the work done at transition is predicated on the 
assumption that the entropy change at the transition 
is negligible. Although plausible arguments can 
be advanced to support this thesis [3], the experi- 
mental evidence has not been examined in detail. 
Jacobs [9] concluded that the latent heat could be 
neglected on the basis of Bridgman's data [2, 3] 
but, on close examination, Bridgman's results do 
not appear to be convincing. For example, Bridg- 
man [4, 5] reported dT/dP positive for Rbl, KI, and 
KC1 but negative for RbBr, RbCl, and KBr and 
noted [4] that the accuracy of his data on the varia- 
tion of transition pressure with temperature was 
questionable. Inspection of Bridgman's data shows 
that the inaccuracy arises principally from the fact 
that the transitions are sluggish; and the transition 
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pressures cannot be located with precision. In the 
rubidium halides there appears to be a region of 
indifference of about 1,000 kg/cm 2 . Although his 
data and figures for the potassium halides do not 
indicate this region, Bridgman reported [5] that the 
region of indifference was about 13,000 kg/cm 2 for 
both KBr and KI. 

Recently ( 'lark [22] studied the effect of pressure on 
the melting points of some of the alkali halides and 
observed the triple points between the liquid phase 
and the two crystalline forms of CsCl, RbCl, and 
K( 1 On the basis of his data dT/dP>() for ( !s< 1 l 
and he obtained a latent heat of 0.05X10 -12 erg for 
the transition between the two crystalline forms. 
Combining his triple point data with Bridgman's 
data at lower temperatures indicates that dT/dP^>0 
for RbCl but dT/dP<0 for KC1. Assuming dT/dP 
independent of P and T, the latent heat for the trans- 
ition in RbCl is estimated to be not more than 
0.01 X 10~ 12 erg. For KC1 the latent heat is negative 
but even smaller in magnitude. From the similari- 
ties in the properties of the alkali halides, it seems 
most probable that the latent heats for the other 
halides can be neglected on the 1 scale of energies of 
interest here. 

4.5. Effect of Errors on the Lattice Energies 




whether, in view of the uncertainties in the data 
used for the calculation, the quantity Z? fcc +PAV— 
E sc is significantly different from zero. 

To obtain the answer to this question the calcula- 
tion of the lattice energies was analyzed by the law of 
propagation of errors and an estimate of the reliabil- 
ity of the lattice energies was obtained. The 
method of calculation and the results are given in the 
appendix. The standard deviations of the lattice 
energies given in table 5 of the appendix were used 
to evaluate the significance of the deviations of the 
energies from zero by investigating the ratio 
lEtcc+PAV-Enl/^+oi+o*,^ ^ All values neces- 
sary for the evaluation are given in the tables except 
those for <fp AV which are insignificant in comparison 
with of co and of . 

If the rule is adopted to consider the deviations to 
be significantly different from zero only when such 
deviations exceed twice the respective standard 
deviations calculated, then only values for KI and 
CsF exceed these limits. From the fact that all 
other values are not significant in this sense it would 
appear that two possibilities exist, first the latent 
heats of transition in these two instances are not 
negligible, or second that the estimates of the experi- 
mental errors were too low. Of these two the latter 
seems much more probable. Some discrepancies in 
the data on KI were noted earlier and the assumed 
error was not sufficient to encompass such data in 
the calculations. It is by no means clear, as noted 
earlier, that Bridginan's data on CsF can be accepted 
as applying to the anhydrous salt. With these facts 
in mind it appears justified to conclude that, within 
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6 


8 


44 


4 


3 


21 


140 


1 





164 


0.21 


KC1 


5 


18 


6 


4 


6 


15 


155 


1 


1 


178 


0.22 


KF 


20 


2 


39 


5 


33 


6 


253 





1 


293 


0.28 


Rbl 


11 


14 


6 


5 


6 





107 


I 


1 


116 


0.18 


RbBr 


7 


25 


5 


5 


9 





136 


1 


1 


148 


0.20 


RbCl 


16 


7 


6 


5 


13 





139 


1 





154 


0.21 


RbF 


5 


15 





5 


52 





210 


3 


3 


268 


0.27 


CsF 


4 


116 


124 


1 


1 


3 


126 








132 


0.19 



KI 


4 


36 


25 


78 


4 


17 


153 








176 


0. 22 


KBr 


4 


24 


13 


67 


6 


17 


2 


1 





26 


0.08 


KC1 


4 


6 


14 


80 


10 


11 


2 


1 


1 


25 


0.08 


KF 


26 


12 


81 


114 


7 


5 


2 


1 


27 


42 


0.11 


Rbl 


8 


19 


13 


90 


8 





28 


1 


1 


38 


0.10 


RbBr 


7 


25 


8 


74 


14 





7 


1 


1 


23 


0.08 


RbCl 


13 


21 


38 


60 


16 





31 


1 





49 


0.12 


RbF 


12 


46 


64 


66 


77 





226 


2 


3 


309 


0.29 


CsF 


11 


324 


4 


48 


29 


5 


32 


4 


2 


74 


0.14 



*For tbe fee structures the range of a was taken to be ±10%, for the sc structures 
. 25' , . 

**For the potassium halides the range of P was taken to be ±5 kb; for the ru- 
bidium halides, ±0.5 kb; for CsF, ±5 kh. 

***For the fee structures the range of r was taken to be 0.1 A; for the sc structures 
the range was obtained from table 1. 



jThe data of the table have all been rounded off. The sum a % was obtained 
from the unrounded data and subsequently rounded. Therefore, the values 
given for <r E 2 may differ from the sums of the tabulated terms. 
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the experimental error of the available data, the 
Born-Mayer treatment with the modifications intro- 
duced by Tosi and Fumi produces a satisfactory 
representation of the energies of the high-pressure 
forms of the alkali halides. 

5. Appendix 

Given a quantity E which is an explicit function of 
variables x h x 2 . . . x n each of which is a function of 
the quantities yi, y 2 . . . y n , i.e., 

E=f(x 1 x 2 . . . x n ) with x l =( P (y 1 y 2 . . . y„), 

x 2 =t(yiy2 . . . y ») ... x n =^(y 1 y 2 . . . y n ). (1) 

Then the variance of E, a%, can be expressed to a 
first approximation in terms of the variances of the 
quantities y ly y 2 . . . y n , [a 2 yv a 2 V2 . . . etc.], which are 
assumed to be statistically independent, as follows: 



where 





(2) 


bx n dy 1 


(3) 


dE dx n 
dx n dy 2 


(4) 



dE_dEdxi dEdx, 
bE^bEdx! dEdx 2 . 

di/ 2 C)^l £>T/ 2 ^^2 ^2 



bE = bEdxi bEdxs dEbx^ () 

dy n dxi i>y n dx 2 dy n ' dx n by n 

If the following definitions are made: 

*-%(y-/>); (6) 

— (*+¥+?>; (8) 

then it can be shown that 

NBe- r/ "=(y-x) 2 /[(w-z)-2(y-x)]. (10) 
If we define 



„ /Se 2 . C , ZA ,, 



(11) 



then the lattice energy can be written 

E=R+(y-xy/[(w-z)-2(y-x)]. (12) 



The quantities x, y, z, w, and R are identified with 
the variables x of eqs 3-5 while each of the y x . . . y n 
can be identified with one of the parameters r, T, a, 
(dp/dT) P etc. in the defining eqs 6-9 and 11. There- 
fore each of the appropriate partial derivatives in eqs 
3-5 can be computed and evaluated. To evaluate 
eq 2 numerical values must be assigned to the 
variances of each parameter. The extreme range of 
each parameter was estimated. These estimates 
were based in part on previous experience in measur- 
ing such quantities and in part on available data. 
The range was arbitrarily defined to be equal to 5a 
and the appropriate values of a 2 calculated. 

The results of the calculations are given in table 
5 which gives values for the various terms of eq. 
2 for both forms of each halide. Each column is 
headed by the term to which the data refer and the 
range assumed for the parameter involved. The 
range is shown in parenthesis where applicable to 
all data in the column or in the footnotes where 
variable ranges were used. Column 12 gives the 
square root of the sum of the individual terms divided 
by Avogadro's number. The values in this column 
represent the standard deviations of the lattice 
energies given in table 4. 

The ranges were assigned as follows: 

a. For a working temperature of 298° K, a 
variation of ±5° K appears to be the maximum 
expected under normal laboratory conditions. 

b. No reasonable estimates for variations in the 
values of G and D were apparent. Consequently a 
range of ±10 percent was assumed. From the 
results it appears that the term in D will be negligible 
regardless of the range assumed. 

c. Measured values of a are available for the fee 
structures. Considering both experimental errors 
and the variation of a with P, a value of ± 10 percent 
was assumed for the fee phases. No data are avail- 
able for the se structures and to compensate for a 
change in a with structure the range was increased 
to ±25 percent for the sc materials. The term 
is unimportant and much larger variations could be 
tolerated without affecting the total error. 

d. Measured values of (3 are available for most 
halides. The range of fi was taken somewhat 
arbitrarily to be ±10 percent. With the present 
data this term may represent as much as 1/10 of 
(t e 2 . With better data for the other quantities 
better estimates for /5 will be necessary. 

e. The uncertainties in the derivatives of (3 with 
P and T were set at ±25 percent. Both quantities 
are small and might not be expected to be sensitive 
to P and structure. They contribute only a very 
small amount to a E 2 so that even if the variations 
were outside the limits assumed they would not 
affect the results appreciably. 

f. The limits on P correspond to the estimates of 
Bridgman [4, 5] of the region of indifference. For 
the potassium halides and CsF a range of ±5kb 
was assumed while for the rubidium halides ±0.5kb 
was taken. For a few of the sc structures this uncer- 
tainty in P is the direct cause of a large part of the 
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uncertainly (a E 2 ) in the lattice energy. For all of 
the fee and most of the sc structures its effect is 
subordinate to that of the unit cell size. 

g. The limits on r for the sc structures were 
obtained directly from the X-ray diffraction data 
given in table 1 and were taken to be the range of 
the values for a Q . The limits on r for the fee struc- 
tures are more difficult to estimate and it was 

o 

finally decided to assume a range of ±0.05A. 
Despite the fact that this figure may be on the high 
side, it represents the maximum for the sc structures 
which were measured directly. Although Bridgman's 
compression data which were used to calculate r 
at the transition point for the fee phases are pre- 
sumably more precise than the estimated range, it 
is believed that the inherent difficulties involved 
in measurements where both phases coexist over a 
wide pressure range makes the variation in /' assumed 
here not unreasonable. 



The authors are indebted to J. Mandel for valuable 
advice concerning the propagation of error calcula- 
tions. 
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